The torus has been much in favor as a form for a specimen to be subjected to magnetic measurements, as it gives a continuous magnetic circuit of the material under test without a joint of any kind. Moreover, its shape makes it necessary to know only two of its linear dimensions in order to calculate the constants involved.
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Bulletin of the Bureau of Standards. \voi 5, No, 3. tion, as the average permeability is not in general given by the ratio -£• and even if it were, we have no assurance that it is the permeability of that part of the specimen which is subjected to the average magnetizing force. 2 Indeed, we must know how the permeability varies with the radius of the ring, or with i7, in order to determine the discrepancy involved; and unless we have an algebraic expression connecting these quantities, it is almost impossible to compute the quantities concerned even after a preliminary measurement has given the approximate values of B corresponding to different magnetizing forces.
However, if the radius a of the section is kept sufficiently small in comparison to the radius R of the ring, the variation of permeability will also be small, and may be neglected.
With given dimensions of the ring, this variation will depend upon the value of the magnetic induction, as the permeability is at first an increasing function and later a decreasing function of the induction.
From the known general properties of this function the variation will be greatest for inductions near the steepest part of the magnetization curve.
If the ratio -= is made sufficiently small, the value of the magnetizing force at the center of the section may be taken as the average value H m and this is an additional simplification. This again is only an approximation, since the magnetizing force at any point is 2NI where x is the distance from the axis of the ring, and NI is the product of current and turns. Since the average value ofis not -p (the reciprocal of the average value of x), H is not the value of H at the mean radius R. The true value of H can be computed for a ring whose cross section is any simple geometrical figure.
The formula for a circular section was derived by KirchhofT 3 and has been used by Rowland * and others, and the rectangular section was early used by Stoletow. For sheet iron, where ring stampings are piled up, the rectangular section is the only one available.
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The values of H for circular and rectangular sections have been computed for various values ofin terms of iY R , and are given in Table I , and platted in the curves of Fig. 4 .
The values for a rectangular section have been computed and published by Edler, 5 but his results are not always correct. The hyperbolic logarithms used are taken to only three significant figures, with the result that the final values are not reliable to tenths of one per cent, but may err as much as one-fourth of one per cent.
In determining the hysteresis of a ring specimen, two methods are available.
The one is to determine corresponding values of H and B , plat a curve between them, and measure the area of this curve. This method involves the same errors as the determination of permeability.
The other method is to measure the electrical energy supplied to the ring and at the same time B . Alternating currents are usually used for this purpose, and this requires the determination of the form factor of the induced electromotive force in order to know the maximum value attained by B . 6 Secondly, eddy currents are induced in the specimen, but if not large can be approximately determined and separated by measurements at two frequencies.
Moreover, on account of the nonuniform distribution of the flux in the section of the ring, the power expended is not the same as it would be if the distribution were uniform. This is owing to the fact that the energy per cycle is not proportional to the flux density B, but to some power of it, approximately B 2 for eddy currents and B 1 -6 for hysteresis. Here, again, the average value of B lS is not the same as the 1.6th power of the average B. It can easily be shown that where equal volumes of material are traversed by the fluxes of different density, as in a straight bar, the loss due to nonuniform distribution must be greater than the loss with uniform distribution. 7 In the case of a ring, however, the denser flux follows a shorter path, and it has been shown by Richter 8 that if the energy is proportional to a power of the Bulletin of tlie Bureau of Standards. [Voi. 5 , No. 3 . magnetic induction between 1 and 2, the loss is less with the actual distribution than it would be with a uniform distribution. This is due to the fact that the denser flux is established near the inner surface of the ring and traverses a smaller volume than the flux near the outer circumference, and the greater loss per unit volume where the flux is dense is more than counterbalanced by the reduced volume subjected to this loss.
Consequently, in most cases of closed magnetic circuits, as in the transformer, the iron loss is less than it would be with uniform distribution of the same total flux. The dimensions are usually such as to involve very great variations in the flux density, and since the distribution of flux varies with the amount of flux (owing to varying permeability) no valid deductions as to the properties of the iron can be made from experiments in which the voltage applied to such an apparatus is varied.
Apparatus of this kind may be used to determine the relative quality of different specimens of iron under the same conditions, but n.o reliance can be placed upon absolute values obtained under such conditions, nor upon variation of loss with B.
If we were dealing with a medium of constant permeability we could calculate the effect of nonuniformity of distribution. With iron, however, the distribution changes with each change in B , so that a general solution of the problem is not practicable, but particular cases may be worked out where the variation of permeability with induction is known. 9 It is well to remember that for low inductions the nonuniformity is greater, while with high values of the induction it is less than for constant permeability. This is illustrated in Fig. 1 , where the actual variation of B across the section of a certain ring is given for three different values of the magnetizing force. This ring had inner and outer diameters of 6.9 and 8.9 cm, respectively. Consequently -= .1282. When Bulletin of the Bureau of Standards. [Vol. 5, No. 3. In what follows the permeability is assumed constant, and for given dimensions of the ring the ratio of the theoretical loss for uniform distribution to the actual loss is computed, the total flux remaining constant. The solution for rings of rectangular section has been given by Richter in the paper already referred to, but is given here for the sake of completeness. The solution for a ring of circular section is believed to be new.
MAGNETIZING FORCE.
Ring of Rectangular Section. -Fig. 2 shows a section through the axis of the ring.
L,et NItotal current-turns of magnetizing coil uniformly distributed. p--= = ratio of radial width to mean diameter of ring. These values are given in Table I and plotted in Fig. 4 . It is to be noticed that the values of H differ less from H R when the section is circular than when it is rectangular, for the same values of p.
With a given area of section, however, it is easy to make p small for the rectangle by increasing the height b and decreasing a. The latter value is also obtained if ra = 1 and is the same as --• Mr [V0I.5, No. 3. For intermediate values, -°is greater, reaching a maximum for a value of m equal to 5, as is shown in Fig. 5 The case of particular interest for hysteresis is where m=i.6 and the corresponding values of -77^have been worked out in Table III and platted in Fig. 6 for/ =to p -- The values given in Table III and platted in Fig. 6 are W correct to 0.01 per cent. As the value of -~c hanges very slowly with m in the neighborhood of m=~, these values are very nearly the same as would be obtained for m= 1.6 and represent very closely the conditions for hysteresis.
The steps in the computation are shown in Table IV . These results show the ratio of the loss with uniform distribution to the loss with the actual distribution, if the permeability were constant.
With iron specimens the ratio may be greater or less, for with low inductions the distribution will be less uniform, while with high values of the induction it will be more uniform than with constant permeability. For the case of constant permeability, Table V gives the limiting value of p for the error to be within the assigned limit.
Washington, August 19, 1908. O
